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Abstract—This paper introduces the basic operational con-
cepts of the RoFnet – reconfigurable radio over fiber network,
which is a project supported by the Portuguese Foundation for
Science and Technology. This project proposes an innovative
radio over fiber optical access network architecture, which
combines a low cost base station (BS) design, incorporating
reflective semiconductor optical amplifiers, with fiber disper-
sion mitigation provided by optical single sideband modulation
techniques. Optical wavelength division multiplexing (WDM)
techniques are used to simplify the access network architec-
ture allowing for different BSs to be fed by a common fiber.
Different wavelength channels can be allocated to different BSs
depending on user requirements. Additionally, in order to im-
prove radio coverage within a cell, it is considered a sectorized
antenna interface. The combination of subcarrier multiplex-
ing with WDM, further simplifies the network architecture,
by using a specific wavelength channel to feed an individual
BS and different subcarriers to drive the individual antenna
sectors within the BS.
Keywords—optical access networks, optical single sideband, ra-
dio over fiber, reflective semiconductor optical amplifiers, wave-
length division multiplexing.
1. Introduction
Internet technologies are now considered as the universal
communication platform. Broadband access communica-
tion is rapidly becoming widely available, e.g., asymmetric
digital subscriber line (ADSL) is now available in almost
all parts of Europe. In parallel to the growth of the Internet,
wireless and mobile network technologies have witnessed
a great development. Mobile phone penetration exceeds
that of fixed phones in most developed countries.
Wireless communications are entering a new phase where
the focus is shifting from voice to multimedia services.
Present mobile network users want to be able to use their
mobile terminals and enjoy the same user experience as
they do while connected to their fixed network either at
work or at home. Wireless local area network (WLAN) hot-
spots based on IEEE 802.11 are a reality, and many con-
sumer devices (Laptop PCs, mobile telephones, PDAs, etc.)
have Bluetooth enabling them to establish a wireless per-
sonal area network. In this context, third generation (3G) of
wireless networks have already adopted IP as the core net-
work protocol in their data subsystems, as well as promising
guaranteed quality for multimedia service, in both access
and core networks. However, the services offered by wired
local area network (LAN) connections require a broadband
network with capacity even higher than 7 Mbit/s per radio
channel. Unfortunately, the actual wireless telecommuni-
cation network only provides narrowband communications
when compared to wired LAN connections and thus a ra-
dio interface capable of supporting very high data rates,
has to be developed. Over the last decade the millimeter-
wave frequency band (26 to 100 GHz) has been pointed
out as the best spectral region to provide broadband access
to wireless networks [1]. However, the limited propagation
characteristics of these high frequencies lead to small cell
sizes. As a consequence, a large number of remote antenna
base stations (BSs) is necessary to cover an operational
geographical area. The multiple BSs providing wireless
connectivity to users via millimeter-wave radio links are
connected with a central office (CO) via an optical fiber ac-
cess network. The CO performs the switching and routing
functionalities.
The RoFnet – reconfigurable radio over fiber network
project, introduced here, uses optical wavelength division
multiplexing (WDM) techniques to simplify the network
architecture allowing different BSs to be fed by a com-
mon fiber, with different WDM channels feeding differ-
ent BSs. Additionally, in order to improve radio coverage
within a cell, utilization of sectorized antenna interfaces
is considered. Each antenna sector should be driven by
an individual signal. The combination of subcarrier mul-
tiplexing (SCM) with WDM, simplifies the network archi-
tecture, since a specific WDM channel is fed to an individ-
ual BS and different SCM channels carried on the WDM
wavelength channel are used to drive the individual antenna
sectors within the BS.
For the downlink the millimeter-wave signals are transmit-
ted directly over the fiber. This approach has the advantage
of a simplified BS design but is susceptible to fiber chro-
matic dispersion that severely limits the transmission dis-
tance [2]. The RoFnet will employ optical single sideband
(OSSB) modulation techniques to overcome fiber disper-
sion effects.
For the realization of the uplink of a radio over fiber (RoF)
system using WDM, the BSs must incorporate an optical
source, which is modulated by the millimeter-wave uplink
radio signals. This approach suffers from several disadvan-
tages. Namely, each BSs requires a WDM optical sources
and a high-speed external modulator, resulting in a high
cost BS. The RoFnet proposes a novel low cost uplink
configuration, which eliminates the need for an expensive
WDM source and the optical external modulator at the BS.
This is accomplished by using a reflective semiconductor
optical amplifier (RSOA) in the BS which replaces the high
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cost WDM source and the high-speed external modulator.
This approach offers several advantages. First, it avoids the
need of stabilized a laser at each BS. Second, the RSOA
can be used as a modulator which accomplishes both mod-
ulation and amplification functions. Moreover, this ampli-
fication function gives additional gain enabling the possi-
bility of avoiding the use of an erbium-doped fiber am-
plifier (EDFA) in the system. For the first time, this up-
link configuration exploits the capabilities of using RSOAs
in RoF systems and this alternative may be applied to
other wireless networks such as 3G mobile communication
systems.
The reminder of this paper is organized as follows. Sec-
tion 2, the network architecture is presented, emphasiz-
ing both the uplink and downlink operation. Section 3 dis-
cusses the fiber transmission limitations due to the fiber
chromatic dispersion and how they can be minimized by
the use of optical single sideband. The advantages of using
WDM technology in radio over fiber systems are considered
in Section 4 and finally Section 5 concludes the paper.
2. Network Description
Figure 1 shows the schematic of the RoFnet architecture
concept, where N base stations provide the wireless con-
nectivity to users via millimeter-wave radio links. The
BSs are connected with a central office via an optical fiber
access network employing WDM technology. Each BS is
connected to the fiber access network by two fibers, one
for uplink transmission and another for downlink trans-
mission.
Fig. 1. Overall RoFnet architecture.
Each BS incorporates an antenna with L sectors. Each an-
tenna sector is fed by an SCM channel. The use of WDM
provides a simple topology, leading to easier network man-
agement and increases the capacity by allocating different
wavelengths to individual remote nodes [3]. This solution
is widely accepted and the necessary WDM technology is
available. However, if this approach is to be implemented
a cost effective implementation needs to be found.
A dynamic wavelength allocation scheme for WDM RoF
systems using a novel add-drop multiplexer was demon-
strated in [4]. An important feature of this scheme is
the possibility of dynamic network reconfiguration when
needed, namely through the wavelength reassignment to
different base stations. Flexible wavelength allocation is an
elegant strategy for dealing with traffic fluctuations since
it allows efficient allocation of network resources by adap-
tively adjusting to the offered load. However, the imple-
mentation presented in [4] requires a new expensive de-
vice. The RoFnet architecture, by using a RSOA in the
BS, eliminates the need of expensive devices. RSOAs are
presently considered key devices for the future high-speed
passive access optical networks (PONs) [5]. A RSOA can
be used with both modulation and amplification functions.
Moreover, a RSOA operated in the gain saturation region
can reduce the intensity noise of the optical signal. The
3 dB electrical bandwidth of commercially available de-
vices is up to 1.5 GHz in the long wavelength bands in
the range of 50 to 100 nm. The wavelength range mainly
depends on the RSOA manufacturing process.
Fig. 2. Schematic diagram of a base station.
In the RoFnet architecture, the CO, as well as performing
all the switching, routing and frequency management, also
generates the M optical WDM carriers required for uplink
operation of the N BSs of the RoF network.
Each BS, as represented in Fig. 2, is equipped with a fixed
optical filter, and thus operates only with a unique specific
wavelength λ j.
2.1. Downlink Operation
Base station j receives the downlink millimeter-wave sig-
nal on wavelength channel λ j. The downlink millimeter-
wave signal is composed by L multiplexed subcarriers com-
bined with a set of unmodulated RF carriers, as shown
in Fig. 3.
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Fig. 3. Optical spectrum around wavelength carrier.
The L SCM channels feed the L antenna sectors, and the
set of unmodulated RF carriers are used in the uplink op-
eration. The unmodulated RF carriers and the downlink
signals are generated at the CO and modulate an optical car-
rier using optical single sideband modulation. The OSSB
modulation is used in order to minimize the fiber dispersion
effects and to improve spectral efficiency.
We note that OSSB modulation is required only at the CO,
and thus it does not increase the cost of the BS. At the BS,
the downlink optical signal in wavelength channel λ j is
split by a fiber coupler. One part is directed to the RSOA,
and the other part is detected by a high bandwidth receiver.
The detected signal consists of the downlink millimeter-
wave signal and the unmodulated RF carriers.
2.2. Uplink Operation
The downlink optical carrier travels through the RSOA,
where it is amplified and modulated by the uplink data,
which has been down converted to an intermediate fre-
quency (IF). The unmodulated RF carriers act as local
oscillators (LO) and are used to down-convert the uplink
data to an IF, within the electrical bandwidth of the RSOA
(1.2 GHz). The RSOA is directly modulated by the SCM
uplink signals, and thus the optical carrier is double side-
band modulated, as represented in Fig. 3.
Using this technique, the uplink optical signal is generated
by recovering a portion of the optical carrier used in the
downlink transmission. Although optical frequency reuse
techniques previously used eliminate the need for a WDM
optical source at each BS, they require a high-speed external
modulator at the BS. However, the necessary bandwidth of
the external optical modulator can be reduced if the uplink
signal is down converted by mixing it with a local oscillator.
The generation of a LO at the BS increases its complexity
and therefore should be avoided. The solution adopted in
RoFnet is the remote delivery of the LO, as implemented
in [6].
3. Transmission Limitation in Radio
over Fiber Networks
The performance of RoF systems may be severely impaired
by fiber chromatic dispersion [2]. This effect can be over-
come by using optical single sideband modulation. The
benefits of OSSB modulation have been demonstrated both
for radio frequency carriers modulated onto optical carriers
and baseband systems. The OSSB improves immunity to
chromatic dispersion relative to transmission using conven-
tional optical double sideband (ODSB) modulation, as well
as enhancing spectral efficiency.
The importance of OSSB has driven the development
of multiple techniques for its implementation. They can
be classified into optical heterodyning technique, filter-
ing methods and OSSB modulators. In this project we
will focus on OSSB modulators. The simplest design is
based on a dual-electrode Mach-Zehnder electrooptic mod-
ulator driven by electrical signals with a 90◦ phase-shift
(Hilbert transformed). Other designs also use Hilbert trans-
formed electrical signals applied to either a series combi-
nation of intensity and phase modulator or other configura-
tions [7], [8]. Recently, an optoelectrical filter for 40 GHz
OSSB generation has been demonstrated [9].
Although, it has been demonstrated that optical single side-
band when combined with subcarrier multiplexing tech-
niques (named OSSB/SCM) can significantly improve the
system immunity to chromatic dispersion, as well as be-
ing more spectrally efficient, increasing and understanding
OSSB/SCM system performance continues deserving great
interest [10]. As in conventional SCM systems, two impor-
tant transmission limitations exist in OSSB/SCM systems:
the relative intensity noise (RIN) and the intermodulation
distortion. Optical carrier suppression has been shown ex-
perimentally to be a key issue affecting the performance
of OSSB/SCM systems [8]. Chen and Way [10] have de-
veloped a powerful analysis which is able to quantify the
composite second-order (CSO) and composite tripe beat
(CTB) of an OSSB/SCM system, however their analysis
is restricted to the case where the optical carrier is not
suppressed. The analysis presented in [11] removes this
restriction and shows how the suppression of the optical
carrier affects the intermodulation distortion in terms of
CTB and CSO. Other important feature of OSSB/SCM is
its combination with wavelength division multiplexing.
4. Dynamic Wavelength Allocation
Traffic in wireless networks is highly dynamic. Therefore
the access network should be reconfigurable depending on
the traffic scenario. The network architecture defined in the
previous section is reconfigurable and therefore can dynam-
ically change its state according to the traffic needs. The
RoFnet network is operated with M optical WDM sources
and N BSs. Each BS is equipped with a fixed optical filter
and therefore operates only with a unique specific wave-
length λ j. We consider M < N, i.e., the number of opti-
cal carriers present in the network is less than the number
of served BSs. Such assumption means that rather than
providing fixed capacity tailored to the “busy-hour” across
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the network, the optical carriers are allocated to BSs de-
pending on their needs. The optical carriers are generated
by fixed lasers as well as by tunable lasers. The fixed optical
carriers are allocated to BSs which should be always on use
and the tunable carriers are allocated to BSs that might be
out of use during some time. Therefore, besides demon-
strating the feasibility of the RoFnet architecture another
objective is to exploit its capabilities namely by developing
wavelength allocation algorithms able to allocate network
resources depending on varying user demand and quality
of service (QoS).
5. Conclusion
This paper introduces a novel network architectures suited
for radio over fiber networks, combining low complexity
with flexibility and cost effectiveness. Its two main char-
acteristics are: low cost BS based on RSOAs and use of
optical single sideband modulation to improve the system
immunity to chromatic dispersion, as well as the spectral
efficiency. Additionally, an important advantage of RoFnet
is the generation and management of the optical carriers at
the CO. As well as facilitating wavelength monitoring and
control this approach provides flexible wavelength alloca-
tion for the BSs depending on user requirements.
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